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ABSTRACT 


The  objective  of  this  research  program  is  to  produce  liquids 
which  have  densities  between  2.5  and  3.0  g./cc.  for  use  as  gyro 
flotation  fluids.  The  work  involved  the  synthesis  of  semi¬ 
inorganic  compounds  containing  a  heavy  metal  ion  in  combination 
with  fluorocarbon  anionic  groups,  i.e.,  fluorinated  alkoxy,  ortho¬ 
phosphate  diesters,  or  e-diketones. 

Hafnium  and  tantalum  derivatives  of  HOCHpCCFp^CFpH, 

HOC ( CH3 ) 2 ( CF2 ) 5CF2H ,  and  H0CH2(CF2)7CF2H  are  viscous  liquids 
with  densities  around  2.0  g./cc.  Thallium  dodecafluoroheptoxide, 
a  low  melting  solid,  has  a  density  of  2.598  g./cc.,  whereas  the 
density  of  unpurified  thallium  hexadecafluorononoxide  is  2.48 
g./cc.  The  thorium  and  lead  fluoroalkoxides  are  solids  as  are  all 
of  the  heavy  metal  derivatives  cf  the  shorter  chain  fluoroalcohols . 


Three  hydrogen  orthophosphate  diesters  were  prepared- 
(C2F5CH20)2P(0)0H,  [ (CF^)2CH0]2P(0)0H  and  ( C3F7CH20)2P(0)0H. 
Heavy  metal  derivatives' of  these  phosphates  are  all  high  melting 
solids.  The  four  following  fluorinated  s-diketones  were  also 
0  0  0  0  0  0 


11  11 


it  11 


11  11 


prepared : 
0  0 


cf3cch2cc3f7,  cf3cch2cc7f15,  ch3cch2cc^f7 


and 


CH3CCH2CC7F15 .  The  thorium  derivative  of  CF3CCH2CC3F7 ,  Th(C7H02F^o)l| 
is  a  liquid  whose  density  is  1.90  g./cc.  Thallium  complexes  of  all 
four  of  the  above  diketones  are  solids  with  relatively  high  melting 
points . 


) 


Ea';h  transmittal  of  this  abstract  outside  the  Department 
of  Defense  must  have  prior  approval  of  the  Fluid  and  Lubricant 
Materials  Branch,  MANL,  Nonmetallic  Materials  Division,  Air 
Force  Material  Laboratory ,  Wright -Pat cerson  Air  Force  Base, 
Ohio  45433. 
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INTRODUCTION 


The  purpose  of  this  research  program  is  to  develop  liquids  as 
candidate  materials  for  gyro-flotation  fluids.  These  fluids  should 
have  densities  between  2.5  and  3-0  g./cc.  at  125°F. ,  viscosities 
between  1,000  ana  5,000  cps.,  thermal  stability  at  285°F. ,  compati¬ 
bility  with  the  various  materials  used  In  gyro  construction,  and 
good  resistance  to  gamma  radiation. 

Specifically,  the  work  involves  the  synthesis  kind  characterisa¬ 
tion  of  semi-inorganic  fluids  containing  a  heavy  metal  ion  from  It:-.- 
sixth  or  seventh  periods  of  the  periodic  table,  e.\;.,  thorium, 
hafnium,  tantalum,  cerium,  mercury,  thallium,  lead,  bismuth,  etc., 
with  a  fluorinated  anionic  group  or  with  a  combination  of  anionic 
groups,  i.e.,  fluorinated  alkoxides,  orthophosphate  diesters,  or 
8-diketonates . 

The  general  structures  cf  tnese  three  types  of  proposed  heavy 
metal  semi-inorganic  compounds  are: 

(i)  Fluoroalkoxide , 

MfOCH2(CF2)xCF?Hjn 


(ii)  Orthophosphate  diester, 

M  I  P(OCH2Rf)2 


N 


(iii)  8-Diketonate , 


R 


n 


/ 

0  —  C 

lK  \ 

M  i  CH 

X  / 

o  —  c 

\ 

Rf 


J  n 


Presently,  the  most  widely  used  gyro-flotation  fluid  is  a  polymer 
of  CFp=CFBr .  This  material  does  not  have  the  desired  chemical  in¬ 
ertness,  density  or  metal  compatibility,  and,  because  it  is  poly¬ 
meric,  tends  to  undergo  thermal  diffusion  and  stratification.  To 
alleviate  these  problems  encountered  with  polymeric  materials, 
fluids  of  single  molecular  composition,  not  polymeric  in  structure 
are  preferred. 
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Several  types  of  compounds  were  considered  as  potential  high 
density  liquids.  The  most  obvious  class  was  the  highly  brominated 
aliphatic  and  aromatic  compounds.  These  materials,  however,  were 
not  expected  to  meet  the  stated  radiation,  corrosion,  and  thermal 
stability  requirements  of  the  ideal  gyro  fluid. 

The  radiation  chemistry  of  the  organic  halides  has  probably 
been  studied  in  greater  detail  than  that  of  any  other  type  of 
organic  compound.  Prom  these  studies  it  has  been  found  that,  ex¬ 
cept  for  the  C-F  bona,  tne  carbon-halogen  (C-X)  bond  is  ruptured 
preferentially  In  organic  halides.  The  C-I,  C-Br  and  C-Cl  bonds 
cleave  readily,  whereas  the  C-F  bond  is  more  stable  than  the  C-C 
or  C-H  bond  (1).  These  results  on  the  radiation  decomposition 
of  alkyl  halides  are  also  in  accord  with  known  bond  energies  (2): 
C-P,  116  kcal./mole;  C-C,  82.5  kcal./mole;  C-Cl,  8l  kcal./mole; 
C-Br,  68  kcal./mole;  and  C-I,  51  kcal./mole. 

A  most  important  consequence  of  the  radiolysio  of  the  alkyl 
halides  is  the  nature  of  the  reaction  products.  Organic  bromides 
car.  yield  either  free  bromine,  hydrobromic  acid,  or  both;  hydro- 
bromic  acid  is  the  primary  product.  Alkyl  fluorides,  on  the  other 
hand,  appear  to  degrade  by  C-C  bond  scission  and  do  not  produce  a 
highly  corrosive  acid  (3). 

In  the  past,  halogen-containxng  aromauie  and  aliphatic  liquids 
have  been  investigated  as  high  density  fluids  for  applications 
other  than  gyro-flotatir  fluids.  In  general,  these  fluids  do 
not  have  the  density  ana  inertness  required  for  a  gyro  fluid. 

The  alkyl  bromides  have  been  found  to  be  highly  corrosive 
with  aluminum  metal.  In  several  cases,  the  bromides  have  been 
known  to  react  explosively  with  aluminum  through  an  apparent  auto- 
catalytic  mechanism.  Chlorocarbons  were  also  considered  for  the 
proposed  application  ;  however3  they  offer  no  great  advantage  in 
density  over  the  fluorocarbons  and  are  also  capable  of  reacting 
violently  with  aluminum. 

Thus,  from  these  considerations,  it  was  believed  that  halogen 
compounds,  other  than  fluorine,  would  not  meet  the  required  radia¬ 
tion  and  corrosion  requirements. 

Although  the  organic  fluorine  compounds  have  the  desired  inert 
ness,  the  density  of  these  materials  reaches  a  maximum  of  approxi¬ 
mately  2.0  g./cc.  In  contrast,  many  heavy  metal  compounds  have 
densities  much  greater  than  3.0  g./cc.  These  compounds,  however, 
are  generally  highly  ionic  and  consequently  foriri  solids.  In  order 
to  take  advantage  of  the  density  of  the  heavy  metal  compounds,  an 
anion  must  be  selected  which  will  prevent  crystallization  from 
occurring  and  Wi  ich  has  a  sufficiently  high  density  to  prevent  an 
appreciable  lowering  of  the  net  density  of  the  resulting  fluid. 
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Since  fluorine-containing  anions  have  a  high  density  and  a  low 
net  interaction  and  lattice  energy,  the  combination  of  this  type 
of  anion  with  heavy  metal  ions  was  expected  to  result  in  fluids 
meeting  the  target  objectives. 

From  the  known  properties  of  metal  alkoxides,  phosphate  diesters 
and  0-diketonates ,  it  was  expected  that  the  proposed  compounds 
would  meet  the  thermal  stability  requirements;  however,  the 
viscosities  and  corrosive  properties  would  have  to  await  actual 
testing. 
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II.  DISCUSSION  OP  RESULTS 


The  ^  al  of  this  research  program  was  to  produce  liquid 
materials  which  have  densities  of  greater  than  2.5  g./cc.  Work 
was  concentrated  on  three  types  of  heavy  metal  compounds.  They 
are;  fluoroalkoxides,  phosphate  diesters,  and  (S-diketonates.  The 
alkoxides  were  prepared  from  fluorinated  alcohols  which  are  com¬ 
mercially  available.  However,  the  efforts  in  the  areas  of  phos¬ 
phate  diesters  and  6-dlketonates  Included  the  synthesis  of  hydrogen 
phosphate  diesters  and  8-dlketones  which  were  used  as  starting 
materials  for  the  preparation  of  their  metal  derivatives. 

A.  HEAVY  METAL  F-.UOROALKOXIDES 

The  program  of  research  initially  specified  that  the  fluoro- 
alkoxldes  Include  compounds  of  the  following  metals:  thorium, 
tantalum,  hafnium,  cerium,  mercury,  thallium  and  lead.  The  fiuoro- 
alkoxy  groups  are  those  that  are  derived  from  dodecafluoro-1- 
heptanol,  HOCH2(CF2)cCF2 H,  hexadecafluoro-l-nonol ,  H0CH2(CF2)7CF2H, 
and  dodecafluoro-2-methyl-2-oetanol,  H0C(CH3)2 (CF2)5CF2H.  Sub¬ 
sequent  work  Involved  the  preparation  of  some  metal  compounds  with 
smaller  chain  fluoroalkcxy  groups.  Since  the  literature  provides 
established  methods  for  the  preparation  of  the  non-f luox inated 
alkoxides  of  most  of  these  metals, these  methods  were  employed  for 
the  preparation  of  the  fluorinated  alkoxides. 

1 .  Hafnium 

The  hafnium  fluoroalkoxides  were  prepared  by  the  reactions  of 
hafnium  tetrachloride,  HiClij,  the  fluoroalcohols  and  ammonia  in 
benz-ene : 

HfCli,  +  4  HOCH2Rf  +  4  NH3  - >  Hf(OCH2Rf)lj  +  4  NHi,Cl 

This  is  essentially  the  method  of  Bradley,  Mehrotra  and  Wardlaw  (4) 
except  that  they  used  dipyrldinium  hafnium  hexachlorlde, 
(CijHgN^HfCls*  as  the  starting  hafnium  compound.  Table  I  lists 
the  hafnium  fluoroalkoxides  which  have  been  prepared  and  their 
physical  properties. 

These  hafnium  compounds  are  all  volatile  and  were  purified 
by  either  sublimation  or  distillation.  Distillation  of  the  higher 
chain  alkoxides  could  not  be  accomplished  by  normal  vacuum  dis¬ 
tillation  nor  in  a  Hickman  molecular  still  because  of  thermal  de¬ 
composition.  They  could  be  distilled  in  a  falling  film  molecular 
still,  but  even  in  this  case  some  decomposition  was  noted.  The 
products  which  were  obtained  were  brown  viscous  liquids.  All  of 
the  hafnium  fluoroalkoxides  are  soluble  in  bensene  and  acetone. 

They  are  susceptible  to  hydrolysis  especially  when  in  solution. 
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In  reference  to  Table  I,  it  will  be  noted  that  analysis  has 
revealed  the  presence  of  nitrogen  In  the  hafnlun  f luoroalkoxldes . 

The  IR  spectra  show  evidence  of  nitrogen-hydrogen  bonds  by  the 
absorptions  in  the  region  near  three  microns.  This  was  also  verified 
by  proton  NMR  data.  Assuming  that  the  nitrogen  is  in  the  form  of 
ammonia,  then  the  compositions  of  the  trlfluoroethoxlde  and  penta- 
fluoropropoxide  approach  those  of  the  ammlne  complexes, 
HfCOCHpCFj^'NHj  and  Hf(OCK2C2F5)i| ’NHj .  The  ammlne  species  is  bonded 
strongly  enough  that  it  is  not  lost  during  the  vacuum  sublimation 
of  these  materials  at  temperatures  near  90°C.  There  is  also  better 
agreement  between  the  elemental  analysis  and  theoretical  composi¬ 
tion  if  it  is  based  upon  an  ammlne  complex.  Thus,  Hf (OCH2CF3>i| ‘NH^ 
requires  16.24*  C,  1.87*  H,  30.17*  Hf,  and  2.37*  N,  while 
Hf (OCH2C2F5 )ij *NH3  requires  18.20*  C,  1.40*  H,  22.5$*  Hf  and  1.77*  N. 
Compared  to  the  reported  data  in  Table  I,  there  is  close  agreement. 
Although  these  data  support  the  existence  of  ammlne  complexes  of 
Hf  (OC^CF?)^  and  Hf  (OCH2C2Fc)h ,  it  is  known  that  Group  IV  transi¬ 
tion  metals  generally  do  not  form  stable  ammlne  complexes.  D.  C. 
Bradley  and  coworkers  (4)  have  not  reported  any  data  on  such 
complexes  during  their  work  on  transition  metal  non-fluorinated 
alkoxldes. 

The  three  longer  chain  fluoroalkoxides  of  hafnium  have  less 
nitrogen  associated  with  them  (N/Hf  atom  ratio  »  0.35-0.46)  and  do 
not  approach  the  compositions  of  the  trlfluoroethoxlde  and  penta- 
f luoropropoxide .  These  materials,  HfCOC^CCFoKCFpHli,, 
Hf[OC(CH3)2(CF2)5CF2H]4  and  HfCOCH^CFg^CF^Jj, ,  were  vacuum  dis¬ 
tilled  at  temperatures  above  210°C.  ana  may  have  lost  some  of  the 
ammonia  during  this  process.  The  proton  NMR  3pectra  of  these  com¬ 
pounds  were  less  definite  for  the  N-H  analysis  because  of  the 
small  amounts  associated  with  them. 

Although  the  nature  of  these  hafnium  fluoroalkoxides  have  not 
been  definitely  proven,  work  in  this  area  was  de- emphasized  in 
order  to  investigate  the  fluoroalkoxides  of  the  other  metals. 

The  densities  were  slightly  lower  then  expected;  however,  It  le 
interesting  to  note  the  increase  of  0.2  g./cc.  in  going  from  the 
tertiary  alkoxide,  Hf[OC(CH3)2(CF2)eCP2Hjj, ,  to  the  primary  alkoxlde, 
Hf[0CH2( CP2  .  It  is  expected  that  more  work  will  be  done 

on  hafnium" compounds .  It  has  been  shown  that  liquid  hafnium 
fluoroalkoxides  can  be  prepared,  and  future  work  will  investigate 
alcohols  which,  when  combined  with  hafnium,  will  yield  liquids  of 
higher  densities  than  presently  attained. 

2.  Tantalum 

To  synthesize  the  fluoroalkoxides  of  tantalum,  tantalum  ethoxide, 
TafOCjH^)^,  was  first  prepared  and  then  used  in  alcchoi  exchange 
reactions  with  the  fluoroalcohols.  The  method  of  Bradley,  Wardlaw, 
and  Whitley  (5)  was  used  to  prepare  TaCOCyH^.^  and  is  essentially 
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the  same  procedure  for  preparing  the  hafnium  fluoroalkoxides. 
Tantalum  ethoxide  was  purified  by  distillation  at  126°C.  and 
0.11  mm.  Hg  and  identified  by  its  IR  spectrum.  Tantalum  tri- 
fluoroethoxide  was  also  prepared  by  this  method  and  purified 
by  vacuum  sublimation  at  95° C.  and  0.02  mm.  Hg.  This  material 
is  a  white  solid  which  melts  at  *9 5°C.  by  elemental  analysis 
the  product  was  found  to  be  17 •  34 C,  1.14$  H,  and  26. 2$  Ta. 
The  calculated  analysis  for  TaCOCHpCF^)*  is  11.25$  C,  1.49*  H, 
and  26.8$  Ta. 

The  longer  chain  fluoroalkoxides  of  tantalum  were  prepared 
by  alcohol  "exchange  reactions  of  Ta(OC2H5>5  with  ar  excess  of 
the  appropriate  fluoroalcohol : 


Ta(0C2H5)5  +  5  HOCH2Rf 


Ta(0CH2Rf)5  +  5  HOC2H5 


In  general,  the  reactions  were  run  in  refluxing  benzene  or 
toluene,  and  the  ethanol  which  was  produced  was  removed  by 
azeotropic  distillation  a*  d  collected  in  a  Dean-Stark  trap. 

Table  II  lists  the  tantalu.  fluoroalkoxides  produced  by  this 
method  and  their  physical  pi verfcies. 

It  is  immediately  recognized  from  the  compounds  listed  in 
Table  II  that  complete  substitution  of  the  ethoxy  groups  by  the 
fluoroalkoxy  groups  was  not  accomplished  by  the  exchange  re¬ 
actions.  The  most  complete  substitution  occurred  at  a  higher 
temperature  when  toluene  was  used  as  the  solvent.  These  results, 
in  the  case  of  dodecafluoroheptanol  reactions,  are  in  contrast 
to  those  reported  by  W.  Wardlaw  (6)  for  the  non-fluorinated 
alkoxides  of  tantalum.  He  reported  that  alcohol  interchange  re¬ 
actions  readily  occur  with  Ta(OC2H5)5  and  other  primary  alcohols; 
however,  secondary  and  tertiary  alcohols  replace  only  four  of 
the  grc-up3.  In  the  case  of  the  tertiary  alcohol,  H0C(CH7)2(CF2)^CF2H, 
only  three  ethoxy  groups  were  replaced  after  nine  hours  in  re¬ 
fluxing  benzene. 

T*e  properties  of  the  fluorinated  alkoxides  of  tantalum  are 
similar  to  those  of  the  hafnium  compounds  which  were  already  men¬ 
tioned.  Like  the  hafnium  compounds,  the  densities  of  tnese  mate¬ 
rials  appear  to  approach  a  maximum  near  2.0  g./cc.,  and,  therefore, 
they  are  of  no  immediate  interest.  Since  TaToCHgCFj^  was  easily 
prepared  by  the  reaction  of  tantalum  pentachloride ,  trifluoro- 
ethanol  and  ammonia  in  benzene  it  is  likely  that  the  higher  chain 
fluoroalkoxides  could  also  be  prepared  by  this  type  of  reaction. 

The  problem  of  the  formation  of  the  amine  type  compounds  was  not 
Investigated  for  Ta(OCH2CFs)c  and  it  is  not  known  if  this  would 
occur  as  it  does  with  the  hafnium  fluoroalkoxides. 
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3 .  Thorium 

The  reactions  which  were  run  in  attempts  to  prepare  the 
thorium  fluoroalkoxides  have  not  provided  as  positive  results 
as  those  obtained  for  the  hafnium  and  tantalum  compounds. 
Nevertheless,  sufficient  data  were  obtained  in  addition  to 
that  already  published  for  the  non-fluorioated  alkoxldes  of 
thorium  to  reasonably  predict  that  extensive  efforts  In  this 
area  would  not  be  justified. 

An  attempt  was  made  to  synthesise  thorium  dodecafluoro- 
heptoxlde,  Th[OCH2(CF2)5CP2Hjif ,  by  the  following  reactions: 

ThCli|  •  4  HOC3H7-i  +  A  NaOC3Il7-l  -  Th(OC3H7-i)4  ♦  4  NaCl  + 

4  HOC3H7-i  (a) 

Th(OC3H7-i)i,  +  4  HOCH2 ( CP2 ) 5CF2H  -*■  ThCOCH2(CF2)5CF2H]4  + 

4  HOC3H7-i  (b) 

This  Is  the  method  of  Bracuey,  Saad,  and  Wardlar  (7)  for  pre¬ 
paring  thorium  alkoxldes.  Reaction  (a)  was  run  in  Isopropanol 
and  it  was  assumed  that  the  soluble  white  solid  from  this  re¬ 
action  was  Th(OC3H7-i)ij.  Reaction  (b)  was  run  in  benzene  and 
the  product  obtained  from  it  contained  4.32  sodium  and  only 
0,32  thorium  which  indicates  that  very  little  Th(OC3H7-i)jj  was 
produced  in  Reaction  (a).  The  preparation  of  thorium  hexa- 
decafluorononoxide,  Th[OCH2(CF2)7CF2H]q,  was  accomplished  by 
the  reaction  of  NaOCH2(CF2)7CF2H  and  ThCl4*  4HOC3H7-i  in  di¬ 
ethyl  ether.  The  sodium  salts  of  the  fluoroalconois  can  be 
made  by  the  reaction  of  the  alcohols  with  sodium  metal  in  diethyl 
ether;  however,  the  reaction  of  the  alcohols  with  sodium  hydride 
is  much  faster  and  cleaner.  After  the  ThCli|*4H0C  3H7-i  was 
added  and  the  mixture  stirred  for  24  hours  at  room  temperature, 
the  soluble  product  was  recrystallized  from  benzene.  The  less 
soluble  was  mainly  Th[OCH2(CF2)7CP2H]4  which  deposited  out  as 
white  crystals.  It  had  the  following  composition:  20.752  C, 

0.672  H,  11,62  Th,  0.032  Cl  and  3.02  Na,  whereas  Th[OCH2<CP2)7CF2H3i, 
requires  22.12  C,  0.612  H,  and  11.852  Th.  The  more  soluble  frac¬ 
tion  was  chiefly  NaOCH2(C?2 )?CF2H.  It  was  not  unexpected  that  this 
thorium  fluoroalkoxide  is  a  solid  since  the  non-fluorinated  alk- 
oxides  of  thorium  are  known  to  have  more  ionic  character  than  the 
ether  Group  IV  metal  alkoxldes  and,  thus,  should  have  less  vol¬ 
atility,  This  is  exemplified  by  the  fact  that  the  primary  and 
secondary  alkoxldes  of  thorium  are  solids  (7,8,9);  however,  the 
tertiary  alkoxldes  of  thorium  are  distillable  liquids  (10). 

A  few  attempts  were  made  to  prepare  thorium  dodecafluoro-2-methyl- 
2-octoxide,  Th(OC(CH3)2(CP2)5CF2H]i|,  to  ascertain  if  this  fluori- 
nated  tertiary  alkoxxde  would  also  be  a  liquid.  However,  in  each 
case  no  thorium  fluoroalkoxide  could  be  Isolated.  The  first  re¬ 
action  tried  was  that  of  ThCl*  •  4  HOC  3H7-i  and  NaOC(CH3)2(CF2)5CF211 
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In  diethyl  ether.  The  second  was  that  of  iipyridinium  thorium 
hexachloride,  (CcHgN) 2ThClg ,  and  NaOC( CH3 )p ( CF2 ) 5CF2H  in  benzene. 
Since  these  reacf-ants  are  slightly  ionic,  It  was  decided  that  a 
more  polar  solvent  was  needed  and,  therefore,  the  reaction  was 
repeated  using  tetramethylenesulfone ,  (Cl^iijSOo,  as  the  medium. 
The  results  indicate  that  not  enough  care  was  taken  to  keep 
moisture  out  of  the  reaction,  since  the  products  were  those  ex¬ 
pected  from  hydrolysis.  Further  efforts  on  this  phase  of  the 
research  were  discontinued  because  it  did  not  seem  likely  that 
the  density  of  Th[OC(CH3)2(CF2H]ij  would  reach  2.5  g./cc.  even 
if  it  was  a  liquid. 

4 .  Cerium 

Work  on  the  synthesis  of  cerium  f luoroalkoxides  involved 
the  reaction  of  dipyridinium  cerium  hexachloride,  (C^HgN^CeClg , 
HOCH2(CF2  ^CFgH  and  ammonia  in  benzene.  The  (C5H5N)  pt'eClg  was 
prepared  hy  the  method  of  Bradley,  Chatter jee  and  Wardlaw  (8). 

A  suspension  of  this  material  in  benzene  was  treated  with  excess 
alcohol  and  ammonia  according  to  the  following  equation: 

(C^HgN^CeClg  +  4  HOCH2 ( CF2 ) 5CF2H  +  6  NH3  -+•  Ce[OCH2(CF2)5CF2H]|,  + 

2  C5H5N  +  6  NHjjCl 

A  soluble,  brown, glassy  substance  was  isolated  from  the  reaction 
and  could  not  be  freed  of  unreacted  alcohol  by  vacuum  pumping. 
Recrystallization  attempts  in  benzene,  a  benzene-hexane  mixture, 
and  acetone  were  unsuccessful.  The  product  was  extremely  sen¬ 
sitive  to  atmospheric  moisture.  A  second  attempt  ;:v.  made  to 
prepare  Ce[OCH2(CF2)5CF2H]ij  by  the  above  reaction;  however, 
essentially  the  same  results  were  obtained.  Results  of  an  ele¬ 
mental  analysis  of  the  product  did  not  approach  that  calculated 
for  Ce[OCH2(CF2)5CF2H]i| .  There  is  a  similarity  between  cerium 
and  thorium  since  they  both  form  Ionic  type  alkoxides,  and 
thus,  cerium  fluoroalkoxides  are  expected  to  be  solids.  There¬ 
fore,  the  efforts  to  prepare  them  were  not  continued. 

5.  Thallium 

Research  on  compounds  of  metals  with  oxidation  states  of 
+4  and  +5  indicated  that  the  target  density  would  not  be  reached 
with  them.  The  ratio  of  organic  groups  to  metal  it.  obviously 
too  high  and,  in  effect,  the  weight  of  the  metal  is  diluted  by 
the  less  dense  organic  material.  Therefore,  the  emphasis  of  the 
research  on  metal  fluoroalkoxides  was  shifted  to  those  metals 
of  lower  valency.  Of  greatest  interest  were  the  compounds  of 
thallium(I)  because  many  of  the  non-fluorinated  alkoxides  of  this 
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metal  are  known  to  be  dense  liquids.  Thallium  ethoxide, 

TIOC2H5,  is  a  yellowish  oil  with  a  density  of  3*52  g./cc.  at 
20°C.  ill).  However,  like  most  thallium  alkoxldes,  TIOC2H5  is 
not  very  thermally  stable  and  is  decomposed  at  tesperaturer 
above  130cC. 

In  general,  the  thallium  fluoroalkoxldes  can  be  prepared 
by  the  reaction  of  thallium  hydroxide,  T10H,  and  an  excess  of 
the  fluoroalcohol  at  room  temperature.  The  following  equation 
represents  the  reaction: 

T10H  +  HOCH2Rf  — >T10CF;Rf  ♦  H20 

This  is  an  apparent  equilibrium  reaction  since  not  all  of  the 
hydroxide  reacts.  Reaction  times  have  usually  been  longer  than 
2a  hours,  although  there  are  no  data  as  to  when  equilibrium  is 
reached.  The  products  are  Isolated  by  filtering  off  the  unre¬ 
acted  hydroxide  and  removing  the  excess  alcohol  by  vacuum  evapora¬ 
tion.  Table  III  lists  the  thallium  fluoroalkoxldes  which  have  been 
prepared  by  this  method  and  their  physical  properties. 

In  general,  a  of  the  thallium  fluoroalkoxldes  are  white  or 
light  yellow  solids.  They  have  been  observed  to  dissolve  in 
acetone,  diethyl  ether  and  the  fluoroalcohols  from  which  they 
were  made.  Acetone  solutions  of  these  compounds  are  susceptible 
to  hydrolysis.  The  volatilities  of  all  of  the  materials  were 
not  determined.  Thallium  trlfluoroethoxide  can  be  vacuum  sub¬ 
limed,  bu;  the  melting  range  of  the  sublimate  was  93°-120°C. 
Thallium  dodecafluoroheptoxide  cannot  completely  be  freed  of  the 
unreacted  alcohol  unless  it  is  distilled  in  a  falling  film  molec¬ 
ular  still.  Even  though  the  IR  spectrum  of  the  undlstllled  pro¬ 
duct  may  show  very  little  0-H  absorption  around  3  microns,  ele¬ 
mental  analysis  indicates  up  to  0 . 45  mole  of  alcohol  per  mole  of 
alkoslde.  Freshly  distilled  T10CH?(CF2)cCP2H  is  a  clear  light 
yellow  liquid  which  slowly  crystallises  to  a  greasy  solid  upon 
standing  for  approximately  one  week  at  room  temperature.  The 
melting  point  of  a  completely  solidified  sample  waa  observed  to 
be  over  the  range  of  $0',-51»oC.  The  density  of  freshly  distilled 
T10CH2(CP2)cCF2H  Is  2.598  g./cc.  at  25°C.  and  exceeds  the  target 
density  of  1.5  g./cc.  At  the  present  tire  the  compound  is  the  best 
candidate  for  a  gyro- flotation  fluid;  however,  its  relatively 
high  melting  point  may  be  a  drawback. 

Compared  to  T1QCH2(CP2 )ejCF2H,  It  would  be  predicted  that 
TlOCfCHoJpfCPjjJeCFoH  would  be  a  liquid  or,  at  least,  have  a 
lower  milting  point.  Since  the  two  methyl  groups  on  the  «-carbon 
are  electron  releasing  groups,  the  aetal~ oxygen  bond  in 
TlOCfCH^iCPjJcCPjH  should  exhibit  more  covalent  character  than 
that  of  ",IOCH2(CP2}5CF2H.  This  trend.  Increased  volatility  of 
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primary  alkoxides  compared  to  tertiary  alkoxides,  was  previously 
noted  in  the  discussion  on  thorium  compounds.  However,  in  tn£ 
case  of  thallium  the  tertiary  f’uoroalkoxide,  TloC(CH* )2(CFo)eCFnH, 
melts  approximately  20  degrees  above  the  corresponding  primary 
alkoxide,  T10CH?(CF2)5CF2H.  * 

Thallium  hexadecafluorononoxide  was  prepared  from  the  alcohol 
and  hydroxide  at  75°C.  in  order  to  liquefy  the  alcohol  which  melts 
at  6o°C.  After  filtration,  the  excess  alcohol  was  removed  by 
vacuum  sublimation  to  yield  liquid  T10CH2(CP2)?CF2H  which  has 
a  density  of  2.48  g./cc.  This  material  was  not  distilled  and 
the  elemental  analysis  shows  low  values  for  carton  and  hydrogen. 

It  is  probable  that  when  a  purified  sample  of  this  compound  is 
obtained  its  density  will  exceed  2.5  g./cc.  It  is  also  possible 
that  upon  purification  It  will  crystallize  like  T10CH2(CP2}c,CP2H. 

The  work  or.  the  thallium  f luoroalkoxides  is  being  continued. 

A  large  sample  (^150  g.)  of  TlOCHjlCrS J^CP^H  has  been  prepared 
and  distilled.  As  soon  as  analytical  data  are  received  or.  this 
material, Its  viscosity,  toxicity,  therral  stability,  and  corro¬ 
siveness  will  be  determined.  Seconu.y,  a  method  for  the  purification 
of  T10CH2(CP2)7C?2ji  will  be  worked  out  in  order  that  accurate 
density  and  melting  point  measurements  can  be  made. 

6.  Lead 


Since  the  fluoroalkoxldes  of  tne  lower  valency  aet3ls  offered 
the  be  t  hope  of  obtaining  high  density  liquids,  work  was  undertaken 
on  the  preparation  of  lead(Il)  fluoroalkoxldes.  The  nonf luorinated 
lead (II)  alkoxides  are  not  well  known ;  however,  there  have  been 
reports  on  their  preparations  (12,  11).  load  ethoxiie  diethanolate 
Pb(0C2H«j  )o  •  2HOC2H5 ,  is  a  crystalline  solid  which  is  sensitive 
to  air  an3  decomposes  tc  lead  oxide  upon  prolonged  drying  under 
vacuum  (13).  This  compound  was  prepar  -d  ir.  yield  by  the 

reaction  of  lead  chloride  and  potassium  ethoxide  In  ethanol  -  Since 
the  fluorir.ated  alcohols  are  more  acidic  than  the  nonfluorlnated 
alcohols,  it  was  decided  to  investigate  the  reactions  of  lead 
hydroxide,  Pb(CH)?,  with  the  fluorir.ated  alcohols.  The  following 
equation  represents  the  reaction: 


PbfCH) 


nr,' 


Pb(OCH-Pe) 


>  2  H-vC 


This  is  analogous  to  the  react  he..; 
f  lucres Ikoar  ides  . 


r,-. 


preparation  cf  thallium 


5 


5 

i 

? 

i 

t 


I 


In  an  attempt  to  prepare  S'fetOCJSvFj- )  ^ .  a  mixture  of  Pb(0H)2  and 
HOCH*CPj  was  refluxed  (7 4°c.)  for  sixteen  hours,  however,  only* the 
starling  materials  were  recovered.  When  and  HQCHp( Cf? )t,CJN 

were  heated  to  reflux  }  under  slight  vacuum.  •  apparent  * 

decomposition  of  the  alcohol  occurred  an  the  surface  of  the  .  - 
Pb(Oh) 2*  Pros  this  reaction  mixture  wav  isolated  a  soluble, greasy 


i 
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brown  materia]  having  an  IR  spectrum  which  had,  besides  the  ex¬ 
pected  absorptions,  an  additional  absorption  tn  the  carbonyl 
region  around  6.1  microns.  The  proton  NMR  spectrua:  revealed  that 
the  mole  ratio  of  -CF2H  (terminal  group  hydrogens)  to  -CH?~  groups 
(a-carbon  hydrogens)  was  8:1.  This  product  could  not  definitely 
be  identified,  but  these  data  suggest  partial  oxidation  of*  the 
alcohol  to  the  acid: 

HOCK2(CF2)5CF2H  — >  hoc(cp2)5cp^h 

0 

The  resulting  product  was  most  likely  a  mixture  of  the  lead 
alkoxide  and  carboxylate.  Oxidation  may  have  been  due  to  lead 
nitrate  which  was  later  found  by  X-ray  diffraction  analysis  to 
be  present  in  the  Pb(OH)2. 

Lead  hydroxide  and  HOCH2(CP2)5CF2H  were  made  to  react  In 
refluxing  benzene  with  removal  of  the  water  by  azeotropic 
distillation.  The  soluble,  brown, viscous  liquid  which  was 
isolated  was  heated  to  90°C.  in  vacuo  for  four  hours  to  remove 
the  unreacted  alcohol.  Since  the  IR  spectrum  still  showed  the 
presence  of  alcohol,  the  product  was  heated  an  additional  five 
hours  at  120°C.  In  vacuo.  There  was  apparent  decomposition 
during  this  heating  and  this  is  indicated  in  the  elemental  analysis. 
This  material  was  found  to  contain  16.93S  C,  0.65%  H  and  31  6%  Pb. 

The  reaction  was  repeated;  however,  freshly  precipitated  Pb(OH)2 
was  used  Instead  of  the  commercial  grade  material.  After  refluxing 
for  ten  days,  8.8  g.  of  a  soluble, white, waxy  solid  was  obtained 
from  7-5  g.  of  Pb(OH)2.  This  product  was  heated  to  55°C.  in  vacuo 
for  five  days  to  remove  the  unreacted  alcohol.  Although  the  IR 
spectrum  cf  this  product  appeared  as  expected  for  Pb[OCHo(CF2)c;CF2H]2 
the  elemental  analysis  indicated  otherwise.  It  gave  16.34$  C,~ 

0.70 %  H,  and  29.4?  Pb,  whereas  theory  requires  19-34$  C,  0.70%  H, 
and  23.83$  Pd.  The  properties  of  this  material  may  be  similar 
to  those  of  Pb(OC2H5)2’2HOC2H5  which  yields  PbO  upon  prolonged 
vacuum  drying.  The  elemental  analysis,  at  least,  shows  the 
presence  of  another  lead  compound  besides  the  fluoroalkoxide . 

In  an  attempt  to  obtain  a  melting  point  in  a  sealed  capillary, 
the  material  softened  at  79°C.,  began  to  turn  brown  at  180°C., 
and  decomposed  with  bubbling  at  240°C.  This  sample  of  lead 
fluoroalkoxide  could  probably  be  purified  by  recrystallization; 
however,  its  high  melting  point  and  apparent  instability  makes 
it  of  little  Interest  to  the  objectives  of  this  project. 

Another  reaction  which  was  run  in  an  attempt  to  prepare 
Pb[0CH2(CF2)c;CF2H]2  is  represerted  by  the  following  equation: 

PbClg  +  +  2  NaOCHs  +  2  H0CH2  (CPS  )5CF2H  - •>  Pb[0CH2(CF2 )5CF2H]2 + 


2  HOCH3  +  2  NaCI 
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With  refluxing  benzene  as  the  solvent, the  HOCH3  was 
distilled  from  the  mixture  to  yield  a  soluble, brown, viscous 
material  which  was  vacuum  dried.  Upon  standing  at  room 
temperature  foi  approximately  two  weeks, this  product  began 
to  crystallize.  Elemental  analysis  gave  only  0.60%  Pb  for 
this  material.  A  plausible  explanation  for  this  is  that 
tne  reaction  was  essentially  that  of  NaOCHo  and  HOCH2 ( CP2 ) 5CF2H 
to  yield  NaOCH2 ( CF2 ) 5CF3H, with  very  little  reaction  of  the  PbCl2. 

In  conclusion,  only  two  reactions  yielded  products  which 
could  be  considered  as  a  lead  fluoroalkoxide .  They  appeared 
to  be  so  sensitive  to  heat  and  moisture  that  no  attempts  were 
made  to  work  out  a  purification  procedure.  From  appearance, 

<-he  best  product  was  obtained  from  the  reaction  of  freshly 
precipitated  Pb(OH)2  and  HOCHp ( CFp )rCF2H  in  refluxing  benzene. 

It  is  a  white  solid,  and,  most  likely,  if  the  product  from  the 
other  reaction  could  be  purified,  it  would  also  be  a  solid.  Thus, 
It  is  possible  to  prepare  lead(II)  fluoroalkoxides ,  but  their 
chemical  and  physical  properties  do  not  meet  the  specifications 
for  use  as  a  gyro  fluid. 

7.  Mercury 

A  few  experiments  were  tried  In  an  effort  to  prepare 
mercuric  dodecafluoroheptoxide ,  Hg[OCHp ( CF2) 5CF2H] ;  however, 
no  definite  results  were  obtained.  Mercuric  acetate, 

HgCCpI^Op^j  and  NaOCH2 ( CFp ) cCFpH  were  made  to  react  in  methanol 
at  room  temperature.  Products  which  were  identified  Included 
HgO ,  HOCHp ( CF2 ) ixCFpH  and  unreacted  Hg(C2H302)2-  There  was 
no  reaction  when  Hg(C2H302)2  and  HOCHpCCFp^CFpH  were  heated 
to  100° C .  for  two  hours.  Under  advisement,  work  on  these  com¬ 
pounds  was  discontinued  because,  even  If  they  could  be  prepared, 
most  likely  they  would  react  with  the  materials  of  construction 
of  a  gyroscope. 

B.  HEAVY  METAL  PHOSPHATE  DIESTERS 

Three  dialkyl  hydrogen  phosphates  which  were  proposed  were 
prepared,  characterized,  and  finally  used  In  the  synthesis  of 
the  heavy  metal  compounds.  These  phosphates  are:  bis(pentafluoro- 
propyl)  hydrogen  phosphate, (C2FcCH20)2P(0)0H;  bis(hexafluoro- 
lsopropyl)  hydrogen  phosphate, [(CFo)2CH0]pP(0)0H;  and  bis(hepta- 
fluorobutyl)  hydrogen  phosphate,  (C^FyCHpOJjjPCOOH.  The  proposed 
metal  derivatives  of  these  phosphates  Included  those  of  thorium, 
tantalum,  thallium ,■  lead,  mercury,  and  bismuth. 

The  initial  reaction  used  for  the  preparation  of  the  hydrogen 
phosphate  compounds  is  represented  by  the  following  equation: 

P205  +  4  H0CH2Rf  -*>  2(RfCH20)2P(0)0H  +  H20 
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The  mixture  of  PpO^  and  the  alcohol  in  hexane  was  maintained  at 
room  temperature  until  the  disappearance  of  the  P2O5,  at  which 
time  it  was  then  heated  to  reflux  for  at  least  three  hours. 
After  vacuum  stripping  of  the  solvent  and  unreacted  alcohol, 
the  phosphate  diester  was  purified  by  molecular  distillation. 
Table  IV  lists  these  compounds  with  their  boiling  points  and 
analytical  data. 


TABLE  IV 

ANALYSIS  AND  PROPERTIES  OP  BIS (FHJORO  ALKYL) HYDROGEN  PHOSPHATES 


Analysis,  Wt .  % 


Compound 

C 

H 

P 

F 

Appearance 

°C./mm.  Hg 

(C2F5CH20)2F(0)OH 

Theory 

19.55 

19.89 

1.41 

1.38 

8.65 

8.56 

52.3 

52.49 

Liquid 

190/0.02 

[ ( CF3 ) 2CHG]2P (0 )0H 

Theory 

18.10 

18.09 

0.87 

0.75 

6.83 

7-79 

56.25 

57.29 

Low  melting 
solid 

180/1 

(c3f7ch2o)2p(o)oh 

Theory 

19.13 

20.78 

1.21 

1.08 

8.89 

6.71 

57.58 

Low  melting 
solid 

205/<0.001 

The  yields  of  these  reactions  were  fairly  low  (-\40?),  and 
at  times  the  isolation  and  purification  steps  required  a  con¬ 
siderable  amount  of  time.  This  was  especially  true  when  the 
preparations  were  scaled  up.  As  an  example,  an  attempt  was  made 
to  prepare  150  g.  of  (C 2F5CH2O) pP(0)0H  by  the  reaction  of  P2O5 
and  KOCH2C2F5.  After  the  normal  reaction  procedure,  the 
elemental  analysis  of  the  distilled  product  proved  that  It  con¬ 
sisted  of  35?  of  the  diester,  (CpFrCH20)2P(0)0H,  and  65?  of  the 
monoester,  CoFgC^CPCO) (0K)2 •  Similarly,  only  the  monoester, 
C3FyCK20P(0) (0R)?>  was  obtained  when  P2O5  and  HOCH2C3F7  were 
made  to  react.  When  an  attempt  was  madeJto  further  esterify  this 
compound  to  the  diester  by  reacting  it  with  C3F7CH2OH  in  refluxing 
benzene,  an  azeotropic  mixture  of  benzane  and  C3F7CH2OH  distilled 
out  at  ^75°C.  There  was  some  success  in  separating  the  mono¬ 
ester-diester  mixtures  by  neutralizing  an  aqueous  solution  of 
them  with  barium  hydroxide  and  collecting  the  more  insoluble 
barium  salt  of  the  diester.  This  can  then  be  converted  to  the 
hydrogen  phosphate  diester  by  treatment  with  sulfuric  acid. 
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Because  of  these  problems  incurred  during  the  preparations 
of  the  diesters,  a  different  method  was  investigated.  This  in¬ 
volved  the  reactions  of  phosphoryl  chloride,  FOCI-,,  and  the 
f luoroalcohols  to  obtain  the  chlorophosphates  ,  (fif CH20) 2P( 0) Cl , 
which  can  be  hydrolyzed  to  the  acid,  (  R*-CH20 ) 2P(0 ; OH .  These 
reactions  are  represented  by  the  following  equations  : 

POCI3  +  2  H0CH2Rf  +  2  C5H5N  >  (  Rf  CH20 )  2P ( 0 ) Cl  + 


2  C5H6NC1 

(RfCH20)2P(0)Cl  +  OH"  (RfCH20)2P(0)0H  +  Cl" 


For  example,  bis(pentafluoroprcpyl ) chlorophosphate , 

(  CpFc-CHpO )  pP  (0 )  Cl ,  was  obtained  by  the  reaction  of  POCI3, 
H0CH2C2F5  and  pyridine  in  hexane,  and  distilled  at  0°  C .  and 
C.3  mm7  Hg.  Elemental  analysis  gave  18.45%  C,  1.09%  H,  8.01%  P, 
and  11.  -.0%  Cl,  whereas  theory  for  (C2FrCH20)2P(0)Cl  is  18.75%  C, 
1.05%  H  and  9.23%  Cl.  This  chlorophosphate  was  then  hydrolyzed 
in  aqueous  caustic  to  produce  the  acid,  (C2F5CH20)2P(0)0H , 
which  was  distilled  at  190°C.  and  0.02  mm.  Hg.  Subsequent 
studies  have  shown  that  the  chlorophosphates  need  not  be  iso¬ 
lated,  but  can  be  hydrolyzed  in  the  original  reaction  mixture 
to  produce  the  acid.  ' 


Various  methods  were  investigated  in  the  synthesis  of  the 
heavy  metal  derivatives  of  the  phosphate  diesters.  However,  the 
work  at  this  time  has  not  yielded  products  which  are  liquids. 

0 

tf 

Thalli um  bis (he xaf lucroisopropyl ) phosphate ,  T10P[0CH(CF3)2 32  , 
was  produced  by  the  reaction  of  thallium  sulfate,  T12S0,', ,  and 


0 

tf 

barium  bis  ( he  xaf  luoro  isopropyl )  phosphate  ,  Ba{0P[0CH(CF3 )  2^?.^  2  > 
in  aqueous  solution.  This  thallium  compound  is  a  crystalline 
solid  which  slowly  deconrooses  above  200°C.  Elemental  analysis 
gave  11.69%  C,  0. 31  >  H,  *33-53%  Tl,  and  3.98%  P.  Theoretically, 

0 

T10P[0CH(CF3)2]2  requires  11.97%  C,  0.33%  H,  33-98%  Tl ,  and 

0 

tt 

5.15%  P-  Thallium  hydroxide  and  HOP(OCH2C2Fij)2  were  made  to 
react  in  carbon  tetrachloride  at  reflux  temperature  to  yield 


0 

tf 

thallium  bis (pentaf luoropropyl )phosphate ,  T10P(0CH2C2Fc;)2 , 
which  is  a  white  solid.  This  compound  is  soluble  in  diethyl 
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ether  and  melts  at  226°C.  Elemental  analysis  gave  1?.20*  C, 

0 

0.81*  H,  5-77*  P,  and  28.40*  T]  .  Theory  for  T10P(0CH2C2F,-)p  is 
11.32*  C,  0.71*  H,  5.48*  P,  and  36.14*  Tl.  There  is  some  doubt 
about  the  thallium  analysis  on  this  sample  because  a  check 
could  not  be  run  due  to  the  sample  size  submitted  for  analysis. 
However,  carbon,  hydrogen,  and  phosphorus  analyses  are 
reasonable  and  the  IR  spectrum  looks  comparable  to  the  other 
metal  derivatives  of  (CpF^CHpO)  2P(0)C:-  .  No  further  work  was 
done  on  these  thallium  phosphate  diesters  because  of  their 
high  melting  points. 


0 

Tt 

Lead  bis(pentafluoropropyl)phosphate ,  Pb[0P(0CH2C2Fc- ) pip » 
was  also  prepared  by  the  reaction  of  the  hydroxide,  PbCOHJp,  and 
the  acid,  (C2F5CH20)2P(0)0H,  in  refluxing  carbon  tetrachloride. 

0 

n 

The  product,  Pb[0P (OCHpCpF^ ) p I2 >  is  a  white  solid  which  decom¬ 
poses  without  melting  above  ^25°C.  It  ir_ .  insoluble  in  CCl^ 
and  was  washed  with  diethyl  eoher  before  analysis.  This 
treatment  removed  the  unreacted  (CpFcCHpO^PCOjOH;  however, 
there  may  have  been  some  unreacted  PMOfOp  associated  with 
the  product  as  indicated  by  the  elemental  'analysis .  It  gave 
13.50*  C,  0.78*  H,  5.75*  P,  and  25.65*  Pb,  whereas, 

0 

PbCOPCOCHpCpF^ ) 2^2  requires  15-51*  C,  0.87*  H,  6.67*  P,  and 
22.29*  Pb.  In  a  similar  manner  and  with  similar  results, 

0 

n 

thorium  bis (pent afluoropropyi) phosphate ,  Th[OP(OCHpC2F5)2]n, was 
prepared.  It  is  a  white  solid  which  melts  above  2o5°C.  By 
elemental  analysis  this  material  was  found  to  be  15.49*  C, 

0 

0.93*  H,  7.80*  P,  and  18.50*  Th.  Theory  for  Th[OP(OCH2C2F5)2]n 
is  17.10*  C,  0.96*  H,  7-40  *  P,  and  13.86*  Th.  Earlier  in  the 
program  an  attempt  was  made  to  prepare  thorium  bis (hexafluoro- 

0 

IT 

isopropyDphosphate,  Th{OP[OCH(CF3)2’J2}4 ,  by  the  reaction  of 

0 

TT 

thorium  sulfate,  ThCSO^p,  and  Ba{  0P[0CH(  CF^  )  p  I2  *2  >  in  aqueous 
solution.  However,  the  soluble  white  solid  which  was 
isolated  was  found  to  contain  8*  Ba  and  only  0.01*  Th . 

The  possibility  of  synthesizing  heavy  metal  phosphate  diesters 
by  the  reaction  of  metal  alkoxides  and  an  acid,  (RfCHpO^PtOjOH 
was  also  investigated.  To  prepare  tantalum  bis (pentafluoro- 
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propyl )phosphate ,  Ta[OP(OCH2C2F5 ) p 3 5 >  Ta(OC2H5)5  and 
(C2F5CH20)pP(0)0H  were  heated  to  17b°C.  for  four  hours. 

The  following  equation  represents  the  reaction: 

^  A 

0 

Ta(OC2H5)5  +  5(C2F5CH20)2P(0)0H  -  Ta[CP(OCH2C2F5 )235  + 

5  HOC2H5 

In  addition  to  I  "  'MpO  am  ,  "'‘FijC1'  ..;  D(0)0H  were 

isolated  from  the  reaction  ....»cure,  Tr»c  ,;.xte  a-  ’d  which 
remained  after  distilling  off  the  above  three  proa  t-  could 
not  be  identified  by  its  IR  spectrum.  However,  the  on  oility 
characteristics  of  this  material  in  various  solvent'  uggested 
that  it  was  a  mixture  of  products.  The  recovery  of  h^JH2C2F5 
indicated  that  the  following  side  reaction  had  occurred: 


0  0 
(c2^5Ch20)2poh  +  hoc2k5  -  (c2f5ch2o)(c2h5o)poh  +  h?-~h2c2f5 

No  further  work  was  done  on  this  type  of  reaction  because  of 
th**  complexity  of  the  reaction.  Another  att-mpt  was  made  to 

0 

tf 

prepare  Ta[OP( OCH2C2Fc ) 2 by  the  reaction  of  TaCl^  and  the 
silver  salt  of  ( C2F5CH20)2P(0)0H  in  diethyl  ether.  The  results 
were  similar  to  those  of  the  TaCOCpH^)^  reaction  in  which  a 
large  number  of  products  were  obtained. 

Bismuth  trichloride,  BICl?,  was  also  made  to  react  with 
the  silver  salt  of  (C2F5CH20)2P(0)0H  in  diethyl  ether,  and 
the  chief  product  of  this  reaction  was  the  acid,  (C2F5CH20)2P(0)0( 
Possibly,  the  hydrolysis  of  the  BiCl3  occurred  and  prevented 

0 

the  formation  of  BI[OP(OCHpCpFc )2]3 .  The  reaction  of  BiCl3 
and  the  silver  salt  of  [ (CF3)2CH0]2P(0)0H  in  diethyl  ether' 
produced  a  white  soluble  solid  which  was  isolated  and  dissolved 
in  benzene  in  an  attempt  to  recrystallize  It.  However,  this 
solid  would  not  deposit  out  of  solution  and  when  the  solvent 
was  evaporated  in  vacuo  on  a  steam  bath  the  product  decomposed 
to  a  brown  solid. 

Finally,  it  was  found  that  mercuric  oxide,  HgO.  reacts  with 
( C^FyCHpO) 2P ( 0)0H  in  acetonitrile;  however,  the  reaction  was  run 
on  a  small  scale  and  no  definite  identification  of  products  were 
made . 
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In  summary,  the  reactions  of  (C2PrCH20)2P(0)OH  and  the 
hydroxides  of  thallium,  lead,  and  thorium  have  produced  metal 
phosphate  diesters.  Although  the  analytical  data  for  these 
compounds  are  not  exact,  they  do  approach  the  theoretical 
values.  If  these  compounds  were  recrystallized  from  suitable 
solvents,  better  data  could  be  obtained.  The  IR  spectra  of 
these  materials  support  their  identity.  As  reported,  tne 
melting  points  of  these  compounds  are  all  greater  than  200°C. 

This  indicates  that  these  compounds  are  probably  ionic  salts,  and 
minor  changes  in  the  fluoroalkoxy  groups  bonded  to  phosphorus 
would  not  produce  liquid  materials.  Therefore,  no  further  work 
was  done  on  the  phosphate  diesters  of  lead,  thorium,  and 
thallium.  It  is  possible  that  metals  which  form  more  covalent- 
type  compounds  will  yield  liquid  phosphate  diester  derivatives. 
These  metals  would  include  hafnium,  tantalum,  bismuth,  and 
mercury.  Since  hafnium  and  tantalum  compounds  would  require 
four  and  five  phosphate  groups  to  be  associated  with  them,  it  is 
questionable  whether  their  densities  would  reach  2.5  g./cc. 

Thus,  the  efforts  in  this  area  should  be  devoted  to  the 
synthesis  of  bismuth  and  mercury  phosphate  diesters.  Research 
is  now  in  progress  and  should  reveal  if  the  phosphate  diesters 
of  these  two  metals  will  yield  fluid  materials. 

C.  HEAVY  METAL  8-DIKETONATES 

Efforts  in  this  area  involved  the  synthesis  of  the  fluorinated 
8-diketones  and  their  subsequent  reactions  to  form  the  metal 
complexes.  The  following  four  diketones  were  prepared:  decafluoro- 

0  0 

ff  tl 

2 , ^ -he pt and lone ,  CF3CCH2CC2F7 ;  octadecafluoro-2-^-undecandione , 

0  0  0  0 

If  M  ?!  ff 

CF3CCH2CCyF1^ ;  heptafluoro-2 , 4-heptanedione ,  CH3CCH2CC3F7 ;  and 

0  0 
f!  V 

pentadecafluoro-2 ,  4-undecandione ,  CH^CC^Cdy*^  . 

To  prepare  the  above  fluorinated  0-diKei.oi  s,  the  e< uyl 
esters  of  heptafluorobutyric  acid,  HOOCC3F7,  and  pjncn.,ecafluoro- 
octanoic  acid,  HOOCCyF^c,  were  synthesized  by  the  reactions 
of  the  acids  and  ethyl  alcohol  in  the  presence  of  concentrated 
sulfuric  acid.  After  separation  of  the  immiscible  sulfuric 
acid  and  ester  layers,  neutralization,  washing,  and  drying 
over  sodium  sulfate,  the  esters  were  distille  Ethyl  hepta- 
fluorobutyrate ,  C2H5OOCC3F7 ,  distills  at  95°-96°C.,  and  ethyl  >. 
pentadecafluorooctanoate ,  C2H5OOCC8F] 5 ,  distills  at  l6?°-17Q*'C #. 

0  0 
It  ff 

The  synthesis  of  CF3CCH2CC3F7 ,  essentially  that  of 
A.  L.  Henre  et  al.,  (1*1)  involved  the  condensation  of  C2H5OOCC3F7 
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0 

TT 

with  trifluoroacetone ,  CHoCCFg,  in  the  presence  of  sodium 
ethoxide  and  diethyl  ether.  The  diketone  was  isolated  as 
the  copper  complex,  Cu( CjHC^F-lq^  ,  which  is  soluble  in 
diethyl  ether  and  distills  at  I10°C.  and  0.16  mm.  Hg  in  a 
Hickman  still.  Elemental  analysis  and  IR  spectrum  indicated 
a  small  amount  of  impurity  associated  with  the  complex, 
probably  the  free  8-dlketone.  Elemental  analysis  gave  26. 12?  C, 
1.10?  H,  and  8.63?  Cu,  whereas  C-uCCyHOpFin)?  requires  24.81?  C, 
0.30?  H,  and  9-38?  Cu.  Its  density  at  23hC.  is  1.73  g./cc. 

Moshier  and  Sievers  (15)  report  Cu( C7H02F;lo)2  as  a  which 

melts  at  73°-83°C.  and  sublimes  at  50°C.  and  0.1  mm.  Hg.  Ethereal 
solutions  cf  Cu(C^H0pF]_Q)2  yield  the  free  S-diketone  when  treated 
with  concentrated  sulfuric  acid  or  gaseous  hydrogen  sulfide.  The 
sulfide  method  Is  cleaner  and  gives  better  yields.  By  this  method 

0  0 
V  T! 

CFqCCHpCCoFy  was  obtained  from  the  copper  complex  and  purified 
by  distilla'cion  at  100°-103°C. 

0ctadecafluoro-2  ,(l~undecandione  was  prepared  by  the  reaction 

0 

I! 

of  CpH^OOCCyFi 5 ,  CF3CCH3  and  sodium  methoxide  in  diethyl  ether. 
After  neutralization  with  dilute  hydrochloric  acid,  washing  and 
drying  over  sodium  sulfate,  distillation  at  170°-174°C.  yielded 
a  mixture  of  the  diketone  and  unreacted  ester.  To  separate  these 
two,  the  mixture  was  treated  with  aqueous  copper  acetate  to 

0  0 
IT  M 

yield  the  copper  complex  of  CFpCCHpCCyFp^  which  precipitated 
as  a  green  solid.  After  recrystallization,  elemental  analysis 
and  the  IF  spectrum  identified  the  complex  as  the  monohydrate, 
CbCCiiHOpFig )p 'H20.  Analysis  gave  25-00?  C,  0.80?  H,  and 
5.76?  Cu:  Cu(C11H02F^s)2 ’HpO  requires  24.1?  C,  O.37?  H,  and 
5.80?  Cu.  The  free  diketone  was  produced  by  the  hydrogen 
sulfide  treatment  and  distilled  at  178°C. 

Heptafluoro-2 , 4-hept anedione ,  and  pentadecafluoro- 
2 ,4-undecanedione  were  prepared  by  the  condensation  of 
C2H5GOCC3F7  and  C2Hc00CCjF^c  with  acetone  In  the  presence  of 
sodium  methoxide  and  dieshyl  ether.  Since  these  two  diketones 
could  be  separated  from  the  unreacted  esters  by  distillation,  the 
Isolation  procedures  did  not  involve  the  copper  complexes.  The 

0  0 

heptanedione ,  CH3CCH2CC3F7, distills  at  135°-l40°C. ,  and 
0  0 

CH3CCH2CC7F15  distills  at  49°-51°C.  at  O.85  mm.  Hg. 
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The  metai  complexes  which  were  prepared  from  these 
dlketones  are  listed  In  Table  V.  The  thorium  compound  was 

0  0 

It  It 

made  by  the  reaction  of  TnCl^  and  CF3CCH2IC3F7  In  refluxing 
CCl/j,  and  distilled  in  a  micro  still.  However,  there  was 
poor  separation  of  Th( C7RO2F10) Jj  from  the  lower  boiling 
fractions  and  this  is  shown  in  the  elemental  analysis.  This 
was  the  only  B-diketonate  which  is  a  liquid  and  its  density 
is  1.897  g./cc.  at  22°C.  Since  the  density  was  so  lov;,  no 
further  work  was  done  on  thorium  diketonates.  Plans  to 
prepare  hafnium  diketonates  were  not  followed  because  no 
significant  increase  in  density  for  these  compounds  could  be 
envisioned.  It  is  interesting  to  note  that  the  hafnium  analog, 
HfCCr-HC^Fio)!)  >  Th(CyH02Fio) a  has  been  reported  (15), 

and  it  is  a  liquid  which  distills  at  70°C.  and  0.02  mm.  Hg. 

The  thallium  diketonates  were  prepared  by  the  reaction 
of  TI2CO3  and  the  appropriate  diketone  in  refluxing  benzene. 

They  are  all  yellow  crystalline  solids  with  relatively  high 
melting  points.  Purification  of  TIC7HO2F10  and  TlCuHC^F^g 
was  achieved  by  vacuum  sublimation,  whereas  TIC7H4O2F7  was  re- 
crystallized  from  a  water-methanol  mixture  and  TlC-^HijOpF-L^ 
from  a  hexane-benzene  mixture.  The  hexane-benzene  mixture 
gave  better  results  than  the  water-methanol  mixture.  Although 
these  compounds  are  volatile  and  can  be  vacuum  sublimed, their 
high  melting  points  Indicate  that  a  liquid  thallium  B-diketonate 
will  probably  not  be  realized. 

To  obtain  a  high  density  liquid  out  of  this  class  of  com¬ 
pounds,  it  appears  that  the  metal  complex  will  have  to  have 
more  than  one,  but  less  than  four,  fully  fluorlnated  ligand 
groups  associated  with  it.  Thus,  the  greatest  likelihood  for 
success  will  lie  with  the  synthesis  of  the  metal  8-diketonates 
of  mercury,  lead,  bismuth,  hafnium,  thorium,  and  uranium. 

Hafnium  and  thorium  are  included  because  they  form  partially 
substituted  B-dlketone  complexes  of  the  type  ML2X2  and  ML3X, 
where  L  is  the  diketone  group  and  X  represents  a  halide. 

Uranium  forms  UL/j  and  UOpL^  complexes  of  which  UO2L2  would  be 
of  greater  interest  to  this  project.  Lictle  is  known  of  the 
mercury,  lead  and  bismuth  8-diketonates  (16). 
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III.  CONCLUSIONS 


This  research  program  has  produced  two  compounds  which  meet 
the  density  requirement  for  use  in  a  gyroscope.  The  fi.-t,  is 
TIOCHp ( CP2 ) SCP2H »  which  is  distillable  and  has  a  density  oi  2.598  g./ec 
at  25®C.  Tne  second  is  TlOCl^CF^yCFjH,  which  has  not  yet  been  pu¬ 
rified,  bat  the  density  of  the  crude  product  is  2.^8  g./cc.  at  23°C. 
Since  distilled  TlOCf^CPj^CFjK  slowly  crystallizes  at  room  tem¬ 
perature  and  does  not  completely  liquefy  until  heated  to  5**°C., 
which  is  above  the  operating  temperature  of  present  gyroscopes, 
it  is  not  known  if  this  material  will  eventually  be  useful.  On 
the  assumption  that  it  will  be  useful,  work  is  in  progress  to  de¬ 
termine  its  viscosity,  thermal  stability,  corrosiveness  and  toxicity. 

It  is  expected  that  when  T10CH2(CP2 JyCFjH  is  purified  its  density 
will  exceed  2.5  g./cc. 

At  present,  the  f luoroalkoxides  of  thallium  offer  the  best 
chance  of  obtaining  fluids  with  the  needed  densities.  Future  syn¬ 
thesis  efforts  should  be  directed  to  finding  a  fluoroalcohol  which 
will  yield  a  thallium  fluoroalkcxide  with  a  lower  liquefaction 
point  than  that  presently  attained.  Examples  of  alcohols  which 
could  possibly  be  used  are:  HGCi^CyFic,  HOCH2(OCoP4  and 

perfluorinated  alcohols,  such  as,  Hr'ctCF*)^,  H0C(CF3)2C2Ps  ar  . 
[H0C(CF3)2]2. 

Althoug..  fluids  with  densities  of  only  2.0  g./cc.  were  ob¬ 
tained  with  hafnium  and  tantalum  fluoroalkoxides,  perfluorinated 
alkoxides  of  hafnium  could  yield  fluids  of  higher  densities.  There¬ 
fore,  it  is  recommended  that  work  in  this  area  continue  with  em¬ 
phasis  upon  producing  hafnium  perf luoroalkoxides .  Synthesis  methods 
other  than  that  which  uses  ammonia  should  also  be  investigated. 

From  data  in  the  literature  and  that  obtained  during  this  re¬ 
search  program,  it  can  be  concluded  that  the  synthesis  of  fluoro- 
alkoxide?  of  cerium,  thorium,  lead  and  mercury  will  not  yield  use¬ 
ful  products  for  this  application. 

The  data  from  the  work  on  the  heavy  metal  phosphate  dler-ters 
are  not  as  precise  as  that  for  the  f luoroalkoxides .  However,  the 
results  which  were  obtained  give  an  indication  of  the  future  dlr«v'- 
t  ion  of  *he  work.  The  hydrogen  phosphate  diestvrs  HO(C)f*(QCH.»Hf ' ' . 
are  fairly  strong  acids  and  most  of  their  metal  derivatives  will* 
have  considerable  ionic  character  resulting  in  high  melting  solids. 

This  is  verified  by  the  work  on  the  lead,  thallium  and  thorium 
phate  diesters.  Metals,  such  as  bismuth  and  mercury,  may  form  more 
covalent  type  eosq?ounds  and  it  is  possible  that  their  phosphate 
diesters  will  be  fluids.  This  should  be  investigated.  If  bismuth 
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and  mercury  form  solid  phosphate  diesters  but  with  melting  points 
significantly  lower  than  those  already  prepared,  then  their  phos¬ 
phate  diesters  of  longer  chain  fluoroalkyl  groups  should  be  pre¬ 
pared  as  a  means  of  obtaining  materials  of  lower  melting  points. 

Another  possible  method  of  obtali*  g  liquids  from. this  class 
of  compounds  would  be  to  prepare  phosphate  di^sters  with  mixed 

OyOCH2C?3 

fluoroalkyl  groups,  such  as  HOP 

SnOCH2(CP2)5CP2H. 

It  is  also  possible  to  prepare  phosphate  diesters  with  wer- 
flucrinated  alkyl  groups,  i.e.,  [(CFqHCC^HOjOH,  and  in  this 
cast  the  hafnium  derivative  may  be  or  interest. 

Liquid  thorium  and  hafnium  8-diketonate-  can  be  prepared, 
but  their  densities  will  not  meet  the  objectives  of  this  work. 
Thallium  8-diketonates  are  solids,  and  it  does  not  appear  tnat 
liquid  chelates  of  this  metal  can  be  prepared.  As  stated  in  the 
previous  Section,  the  greatest  likelihood  of  obtaining  a  high 
density  liquid  from  this  class  of  compounds  appears  to  be  with 
heavy  metals  which  can  accommodate  two  or  three  chelate  groups. 
Partially  substituted  hafnium  8-diketonates,  HfCl2L2  and  HfCILj, 
and  uranyl  complexes,  U02L2,  are  future  areas  of  ^search.  If 
the  hafnium  complexes  look  promising,  then  the  w  ,?k  will  be  ex¬ 
tended  to  include  thorium.  It  is  possible  that  lead(II)  B-di*eto- 
nates  can  also  be  prepared;  however,  there  is  v*ry  little  evidence 
for  the  existence  of  mercury  and  bisauth  chelates  of  this  type  (16) 
and  no  work  on  these  compounds  is  projected. 
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IV.  EXPERIMENTAL 


A.  MATERIALS 

Hafnium  tetrachloride  and  tantalum  pentachloride  were  obtained 
from  Alfa  Inorganics,  Incorporated,  and  were  used  without  further 
purification.  Thallium  hydroxide  was  purchased  from  City  Chemical 
Corporation. 

Trifluoroethanol ,  pentafluoropropanol ,  heptafluorobutanol , 
dodecafluoroheptanol,  hexadecafluorononol,  dodecafluoro-2-methyl-2- 
octanol,  trifluoroacetone,  heptafluorobutyric  acid  and  pentadeca- 
fluorooctanoic  acid  were  purchased  from  Columbia  Organic  Chemicals 
Company . 

Hexafluoro-2-propanol  was  purchased  from  Hynes  Chemical 
Research  Corporation. 

fi .  PREPARATIONS 

1.  Preparation  of  Hafnium  Fluoroaikoxides 

The  method  of  D.  C.  Eradley  et  al.(4)  was  used  to  prepare 
these  compounds.  However,  hafnium  tetrachloride  Instead  of  di- 
pyridlnium  hafnium  hexachl^ride  was  used  as  the  starting  material. 
Two  examples  of  these  preparations  are  given  below. 

Hafnium  trifluoroethoxlde  was  prepared  from  30  g.  of  hafnium 
tetrachloride,  37-5  g-  of  trifluoroethanol,  and  excess  ammonia  in 
300  ml.  of  benzene.  The  white  solid  product  (12  g. )  was  purified 
by  sublimation  at  95°C.  and  0.005  mm.  Hg.  It  had  a  melting  point 
of  106°-107°C.  Elemental  analysis  verified  the  composition. 

The  reaction  of  13-5  g.  of  hafnium  tetrachloride,  56  g.  of 
dode  fluoroheptanol  and  excess  ammonia  in  300  ml.  of  benzene  pro- 
duc  hafnium  dodecafluoroheptoxide.  This  viscous,  brown  product 
was  distilled  at  2^5°C.  and  C.003  mm.  Hg.  During  the  distillation 
some  tnermal  decomposition  occurred  and  a  large  portion  of  the 
sample  was  lost.  Approximately  10  g.  of  dark  brown,  viscous  pro¬ 
duct  was  Isolated  and  its  composition  was  verified  by  elemental 
analysis , 

2.  Preparation  of  Tantalum  Ethoxlde 

This  compound  was  prepared  according  to  the  method  of  D.  C. 
Eradley  al.(5).  The  liquid  product  was  purified  by  distillation 
at  126°C.  and  0.11  mm.  Hg .  The  reported  boiling  point  is  ll\7°C. 
at  0.2  mm,  Hg.  From  60  g.  o'0  tantalum  pentachloride,  150  ml.  jf 
ethanol  and  an  excess  of  ammonia  In  1200  ml.  of  benzene,  53  g.  of 
tantalum  ethoxlde  was  isolated. 
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3.  Preparation  of  Tantalum  Trifluoroethoxide 

The  above  method  was  used  to  prepare  tantalum  trifluoroethoxide 
from  tantalum  pentachloride  (25  g.)  and  40  g.  of  trifluoroethanol 
in  300  ml.  of  benzene.  After  filtration  and  evaporation  of  the 
solvent,  the  crude  product  was  a  white  mush  of  the  alkoxide  and 
alcohol.  Repeated  sublimation  of  a  5  g.  sample  at  100°C.  and 
0.02  mm.  Hg  yielded  4.8  g.  of  the  pure  tantalum  trifluoroethoxide 
which  melted  at  95°C.  Elemental  analysis  verified  that  this 
material  was  the  trifluoroethoxide. 

4.  Attempted  Preparation  of  Tantalum  Dodecafluoroheptoxj.de  and 
Tantalum  Do decaf luoro-2-methyl-2-octoxide 

In  a  dry  box  8  g.  of  tantalum  ethoxide,  35  g.  of  dodecaf luoro- 
heptanol  and  100  ml.  of  benzene  were  mixed  in  a  250  ml.  flask. 

The  flask  was  then  set  up  with  a  Dean-Stark  trap  and  condenser  witn 
a  nitrogen  inlet  so  that  the  reaction  could  be  run  under  a  nitrogen 
atmosphere.  The  reaction  mixture  was  heated  to  reflux  and  the 
benzene-ethanol  azeotropic  mixture  which  distilled  out  was  collected 
in  the  trap.  An  IR  spectrum  of  the  distillate  proved  that  ethanol 
was  produced  in  the  reaction.  The  distillation  was  continued  until 
almost  all  of  the  benzene  had  been  removed  from  the  reaction.  The 
remaining  liquid  was  transferred  to  a  molecular  still  and  pumped 
on  until  all  of  the  solvent  was  removed.  Distillation  of  the  pro¬ 
duct  (14.7  g.)  was  accomplished  at  250°C.  and  <0.001  mm.  Hg.  Ele¬ 
mental  analysis  and  proton  NMR  spectroscopy  proved  that  the  yellow- 
brown  liquid  product  was  Ta[0CH2 ( CP2 ) 5CF2H [0C2H^ ] . 

In  a  similar  manner,  ?a[0C( CH^ ) 2 ( CFp ) 5CF2H] 2 [0C2H^ ]2  was  iso¬ 
lated  as  the  product  of  the  reaction  of  8  g.  of  rra(0C2nI-; and  38  g. 
of  H0C( CHo ) 2 ( CF2) 5CF2H .  Brown,  liquid  Ta[0C( CH3) 2 ( CP2 ) 5CF2-H ] o- 
[0C2H^]2  distilled  at  250°C.  and  0.005  mm.  Hg.  Its  composition  was 
determined  by  elemental  analysis  and  its  proton  NMR  spectrum. 

In  the  same  manner,  14,7  g.  of  Ta[0CH2 (CF2)5CF2H]h [0C2Hr ]  and 
9.5  g.  of  H0CH2( CF2) nCF2H  were  made  to  react  in  100  ml.  of  benzene 
at  reflux  temperature  for  12  hours.  The  product  was  distilled  at 
260°C.  and  0.001  mm.  Hg,  and  proton  NMR  spectroscopy  proved  that 
it  was  a  mixture  of  tantalum  compounds  with  a  6:1  ratio  of 
-0CH2(CF2) 5CF2H  groups  to  -OC2H5  groups. 

5.  Attempted  Preparation  of  Thorium  Dodecafluoroheptoxide 

The  method  of  preparing  thorium  dodecafluoroheptoxide  was 
similar  to  that  of  D.  C.  Bradley  for  synthesizing  the  thorium  primary 
alkoxides  (7)-  A  250  ml.  flask  was  fitted  with  a  Soxhlet  extractor 
and  condenser  with  a  nitrogen  inlet .  The  flask  was  charged  with 
125  ml.  of  isopropanol  and  8  g.  of  thorium  tetrachloride  and  the 
contents  were  stirred  until  a  clear  solution  was  obtained.  The 
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Soxhiet  extractor  was  then  loaded  with  2  g.  of  sodium  metal  in  a 
glass  thimble,  and  the  metal  was  extracted  into  the  reaction 
flask  as  sodium  isopropoxide .  After  complete  extraction,  the 
reaction  mixture  was  filtered  under  nitrogen  and  the  solvent  was 
removed  from  the  filtrate  by  vacuum  evaporation.  The  white  solid 
which  remained  from  this  desolvation  was  treated  with  300  ml.  of 
benzene  and  10  g.  of  dodecafluoroheptanol .  This  mixture  was 
headed  to  reflux  temperature  and  the  benzene-isopropanol  azeotropic 
mixture  which  distilled  out  was  collected  in  a  Dean-Stark  trap. 

The  volume  of  the  reaction  mixture  was  reduced  to  ^20  ml.  by  this 
method,  after  which  time  it  was  cooled.  Upon  cooling,  a  white 
crystalline  material  deposited  out  of  solution.  These  crystals 
were  collected  by  filtration  and  washed  with  hexane  in  a  dry  box. 
Elemental  analysis  indicated  that  this  material  was  mainly  sodium 
dodecafluorcheptoxide  and  not  thorium  dodecafluoroheptoxide . 

6.  Preparation  of  Thorium  Hexadecafluorononoxide 

A  250  ml.  flask  was  equipped  with  a  stirrer,  nitrogen  inlet  and 
addition  funnel.  The  flask  was  charged  with  100  ml.  of  diethyl 
ether  and  1.5  g.  of  sodium  metal.  A  solution  of  29  g.  of  hexa- 
decafluorononol  in  -v-50  ml.  of  ether  was  then  added  dropwise.  After 
all  of  the  sodium  had  reacted,  a  slurry  of  10  g.  of  thorium  tetra¬ 
chloride  tetraisopropylate  in  ether  was  added.  This  mixture  was 
stirred  overnight  at  room  temperature.  The  ether  was  removed  by 
vacuum  evaporation,  and  100  ml.  of  benzene  was  added  to  the  solids 
which  remained.  This  was  heated  to  reflux  and  filtered  under  ni¬ 
trogen.  Upon  cooling  the  filtrate,  12  g.  of  white  crystals  deposited 
out  of  solution,  were  collected  by  filtration,  and  vacuum  dried. 
Elemental  analysis  indicated  that  this  material  was  thorium  hexa¬ 
decafluorononoxide  with  ^3%  sodium  in  it. 

7.  Preparation  of  Dipyridinium  Cerium  Hexachloride 

This  material  was  prepared  by  the  procedure  of  D.  C.  Bradley 
et  al.  (8).  Cerium  sulfate  was  used  as  the  starting  material  in¬ 
stead  of  cerium  ammonium  sulfate.  The  yield  of  product  was  52  g. 
from  50  g.  of  cerium  sulfate. 

8.  Attempted  Preparation  of  Cerium  Dodecafluoroheptoxide 

An  attempt  was  made  to  prepare  this  compound  by  the  method  of 
D.  C.  Bradley  (8)  for  preparing  cerium  primary  alkoxides.  A  mix¬ 
ture  of  10  g.  of  dipyrldinlum  cerium  hexachloride  and  30  g.  of 
dodecafluoroheptanol  in  100  ml.  of  benzene  at  room  temperature  was 
treated  with  ammonia  for  two  hours.  After  filtration  and  evapora¬ 
tion  of  the  benzene  in  vacuo ,  the  excess  alcohol  was  distilled  from 
the  bro wn,  viscous  product  at  34°C.  and  0.1  mm.  Hg.  Continued 
distillation  only  produced  more  alcohol,  and  it  appeared  that  the 
product  was  decomposing.  Upon  cooling  the  brown  product  turned 
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to  a  glassy  material.  In  a  dry  box,  attempts  were  made  to  crys¬ 
tallize  this  material  in  benzene,  hexane,  acetone,  ether  and  a 
benzene -hexane  mixture;  however,  these  were  unsuccessful.  A 
second  preparation  yielded  the  same  results. 

9.  Preparation  of  Thallium  Fluoroalkoxides 

A  mixture  of  5  g.  of  thallium  hydroxide  and  40  ml.  of  penta- 
fluoropropanol  was  allowed  to  stir  overnight  In  a  sealed  flask  at 
room  temperature.  The  reaction  mixture  was  filtered  under  nitrogen 
to  remove  the  unreacted  thallium  hydroxide.  Excess  alcohol  was 
removed  from  the  filtrate  by  vacuum  evaporation  and  the  white 
crystalline  solid  which  remained  was  identified  as  thallium  penta- 
fluoropropoxide  by  elemental  analysis  and  JR  spectroscopy.  This 
material  had  a  diffuse  melting  point  beginning  at  50°C. 

In  a  similar  manner,  5*3  g.  of  thallium  trifluoroethoxide  was 
synthesized  from  6.5  g.  of  thallium  hydroxide  and  10  g.  of  tri- 
fluoroethanol.  Thallium  trifluoroethoxide  sublimes  at  40°C.  and 
0.04  mm.  Hg  ,  and  has  a  diffuse  melting  point  beginning  at  *93cC. 

Similarly,  10  g.  of  thallium  hydroxide  and  *55  ml.  of 
HOCH2 ( CP2 ) ECF2H  were  made  to  react  at  room  temperature  in  a  100  ml. 
flask.  After  removal  of  unreacted  hydroxide  the  excess  alcohol  was 
evaporated  off  in  vacuo  at  55°C.  to  produce  24.6  g.  of  yellow 
liquid.  Elemental  analysis  indicated  that  this  material  had  the 
following  composition:  T10CH2(CF2)5CF2H*0.43  HOCH2(CF2)5CF2H. 

After  vacuum  punping  for  twelve  days  at  room  temperature  to  remove 
the  unreacted  alcohol  the  sample  was  reduced  to  16.6  g.  Since  the 
elemental  analysis  of  this  material  varied  from  the  theoretical 
values  for  T10CH2(CP2)5CFpH,  it  was  transferred  to  a  Nester-Paust 
molecular  still.  It  was  founa  that  Tl<  CH2(CF2)nCF2H  can  be  puri¬ 
fied  by  molecular  distillation  at  200° C,  and  <0?001  nan.  Hg  with 
very  little  thermal  decomposition. 

10.  Attempted  Preparation  of  Lead  Trifluoroethoxide 

A  150  ml.  flask  was  charged  with  24  g.  of  lead  hydroxide  and  j 

2 3  g.  of  trifluoroethanol .  This  mixture  was  heated  to  reflux  for  I 

16  hours  and  filtered.  The  solids  were  washed  with  benzene;  how-  I 

ever,  no  products  were  recovered  from  these  washings.  An  IR  j 

spectrum  of  the  solids  showed  the  absence  of  any  fluorocarbon  pro¬ 
duct.  The  filtrate  was  found  to  contain  only  unreacted  trifiuoro-  i 

ethanol.  It  was  concluded  that  lead  hydroxide  and  trifluoroethanol  j 

do  not  react  at  the  above  described  conditions.  j 

11.  Preparation  of  Lead  Dodecafl uoroheptoxide  j 

Lead  nitrate  (10  g.)  in  100  ml.  of  water  was  treated  with 
2.4  g,  of  sodium  hydroxide  in  25  ml.  of  water.  The  lead  hydroxide 


l 

I 
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which  precipitated  was  collected,  washed  twice  with  water  and  trans¬ 
ferred  to  a  250  ml.  round  bottom  flask.  Benzene  (200  ml.)  and  20  g. 
of  dodecafluoroheptanol  were  added  and  the  flask  was  equipped  with  a 
Dean-Stark  trap  and  condenser.  Under  nitrogen  the  mixture  was 
refluxed  for  ten  days  on  a  steam  bath.  Unreacted  lead  hydroxide 
was  removed  by  filtration  and  the  benzene  and  unreacted  alcohol  were 
evaporated  in  vacuo  to  produce  a  white  mushy  solid.  This  was  vacuum 
dried  at  55^.  for  five  days.  Yield  was  7  g.  of  a  white  solid  which 
was  identified  by  the  IP.  spectrum  and  elemental  analysis. 

12.  Attempted  Preparation  of  Mercuric  Dodecafluoroheptoxide 

A  three-neck,  500  ml.  flask  was  equipped  with  a  stirrer,  con¬ 
denser  with  a  nitrogen  inlet,  and  an  addition  funnel.  The  flask  was 
charged  with  70  ml.  of  benzene  and  2  g.  of  sodium  metal,  and  30  g. 
of  dodecafluoroheptanol  were  added  dropwise  from  the  funnel.  After 
complete  reaction  of  the  metal,  the  benzene  was  evaporated  off  and 
14.3  g.  of  mercuric  acetate  in  200  ml.  of  methanol  was  added.  The 
mixing  of  these  reactants  immediately  produced  a  yellow  solid.  After 
refluxing  for  two  hours,  the  solids  were  removed  by  filtration  under 
nitrogen.  The  yellow  solid  appeared  to  be  mercuric  oxide.  The  fil¬ 
trate  was  evaporated  to  dryness  and  produced  a  white  solid  which 
proved  to  be  mercuric  acetate.  A  small  amount  of  the  f luoroalcohol 
was  also  isolated  from  the  filtrate. 

In  another  attempt  to  prepare  mercuric  dodecafluoroheptoxide, 

2.5  g.  of  mercuric  acetate  and  15  g.  of  dodecafluoroheptanol  were 
heated  to  100°C.  for  two  hours  in  a  50  ml.  flask  with  a  condenser 
and  nitrogen  inlet.  The  mixture  was  then  cooled  and  the  volatile 
fraction  was  pumped  off  and  identified  as  dodecafluoroheptanol 
by  Its  IR  spectrum.  The  remaining  solid  material  was  identified 
as  the  starting  mercury  compound  by  Its  IR  spectrum. 

13.  Preparation  of  the  bis ( Fluoroalkyl )  Hydrogen  Phosphates 

The  following  procedure  is  an  example  for  the  preparations  of 
bis(pentafluoropropyl)  hydrogen  phosphate,  bis ( hexaf luorolsopropy 1 ) 
hydrogen' phosphate  and  bis(heptafluorobutyl)  hydrogen  phosphate. 

A  three-neck,  250  ml.  flask  with  stirrer,  condenser  and  addi¬ 
tion  funnel  was  charged  with  10  g.  of  phosphorus  pentoxide  and  130  ml. 
of  hexane.  Pentaf luoropropanol  (42.2  g. )  was  added  dropwise.  During 
the  alcohol  addition  the  reaction  mixture  was  kept  at  0°C.  by  means 
of  an  ice  bath.  As  the  alcohol  and  phosphorus  pentoxide  reacted  two 
layers  were  formed:  hexane  forms  the  upper  layer.  After  complete 
addition  of  the  alcohol,  the  mixture  was  heated  to  the  reflux  tem¬ 
perature  of  hexane  for  three  hours.  Upon  cooling,  the  two  layers 
were  either  separated  by  vacuum  evaporation  of  the  solvent  or  by 
means  of  a  separatory  funnel.  The  product  was  freed  of  unreacted 
alcohol  by  vacuum  evaporation,  and  the  product  was  purified  by  molec¬ 
ular  distillation.  The  yield  was  18.7  g. 
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The  boiling  points  of  these  phosphates  are:  bis (pentafluoro- 
propyl)  hydrogen  phosphate,  190° C.  and  0.02  nun.  Hg;  bis(hexafluoro- 
isopropyl)  hydrogen  phosphate,  180°C.  and  1.0  mm.  Hg;  and  bis- 
(heptafluorobutyl)  hydrogen  phosphate,  205°C.  and  0.001  mm.  Hg. 

An  example  of  the  preparation  of  a  hydrogen  phosphate  diester 
by  the  reaction  of  phosphoryl  chloride  and  a  fluoroalcohol  is  given 
below. 

A  2-liter  flask  was  fitted  with  an  addition  funnel,  stirrer, 
and  nitrogen  inlet  to  allow  the  reaction  to  be  run  in  a  nitrogen 
atmosphere.  The  flask  was  charged  with  40  g.  of  phosphoryl  chloride 
and  250  ml.  of  hexane.  This  mixture  was  cooled  in  an  ice  bath,  and 
78.5  g.  of  pentaf' uoroprop anol  and  41  g.  of  pyridine  were  slowly 
added  over  a  period  of  1.5  hours.  After  allowing  to  warm  to  room 
temperature,  the  mixture  was  filtered  und-  nitrogen  and  the  hexane 
was  distilled  off  at  atmospheric  pressure.  The  remaining  liquid 
(59.6  g.)  was  distilled  at  40°C.  and  0.3  mm.  Hg.  Elemental  analysis 
proved  that  this  compound  was  bis (penoafluoropropyl)  chlorophosphate . 

This  chlorophosphate  was  then  hydrolyzed  with  an  aqueous  solu¬ 
tion  of  6.1  g.  of  sodium  hydroxide.  The  water  was  evaporated  off 
and  the  precipitated  sodium  chloride  was  filtered  off.  The  product, 
bis (pentaf luoropropyl)  hydrogen  phosphate,  was  then  purified  by 
molecular  distillation  at  190°C.  and  0.02  mm.  Hg. 

14.  Preparation  of  Thallium  bis(Hexafluoroisopropyl)  Phosphate 

An  aqueous  solution  of  1  g.  of  barium  hydroxide  octahydrate  in 
30  ml.  of  water  wa3  treated  with  2.5  g.  of  bis(hexafluoroisopropyl) 
hydrogen  phosphate  to  prepare  the  barium  salt  of  this  acid.  This 
solution  wa3  then  treated  with  an  aqueous  solution  of  1.6  g.  of 
thallium  sulfate.  The  barium  sulfate  which  precipitated  was 
filtered  off,  and  the  filtrate  was  evapc -rated  to  dryness  in 
vacuo  to  produce  a  white  solid.  This  material  was  dissolved  in 
acetone  and  refiltered.  Vacuum  evaporation  of  the  acetone  produced 
a  white  solid  which  had  a  melting  point  greater  than  200°C.  Ele¬ 
mental  analysis  proved  that  this  substance  was  thallium  bis(hexa~ 
fluorolspropyl)  phosphate. 

15.  Attempted  Preparation  of  Bismuth  bis (Hexafluoroisopropyl ) 

Phosphate 

A  solution  of  3*8  g.  of  bls(hexafluoroisopropyl)  hydrogen  phos¬ 
phate  in  100  ml.  of  water  was  neutralized  with  aqueous  sodium  hy¬ 
droxide.  This  solution  was  then  treated  vfith  1.6  g.  of  silver  ni¬ 
trate  in  25  ml.  of  water.  After  stirring  for  fifteen  minutes  the 
mixture  was  filtered  and  evaporated  to  dryness  in  vacuo .  The  solids 
which  remained  were  extracted  with  diethyl  ether  to  dissolve  the 
silver  bis (hexafluoroisopropyl )  phosphate.  Bismuth  trichloride 
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(4.5  g.)  in  25  ml.  of  diethyl  ether  was  added  to  the  silver  salt 
and  the  white  precipitate  which  formed  was  filtered  off.  The  ether 
solution  was  evaporated  to  dryness  and  the  solids  which  remained 
were  dissolved  in  benzene  in  an  attempt  to  recrystallize.  Upon 
coding  no  crystals  formed  so  the  benzene  was  vacuum  evaporated  on 
a  steam  bath.  At  this  temperature  the  product  decomposed. 

16.  Preparation  of  Lead  bis(Pentafluoropropyl)  Phosphate 

To  a  lnO  ml.  flask  were  added  1.8  g.  of  lead  hydroxide,  80  ml. 
of  carbon  te^ru  ’."'oride  and  5  g.  of  bis(pentafluoropropyl)  hydrogen 
phosphate.  The  »  L>.ture  was  refluxed  over  a  week-end,  cooled  and 
filtered.  The  ins*  ible  material  (4.4  g.)  was  collected,  washed 
with  diethyl  ether,  und  dried  in  vacuo ■  Elemental  analysis  and 
infrared  spectroscopy  proved  this  material  to  be  lead  bis(penta-  ' 
fluoropropyl )  phosphate,  which  decomposes  above  225°C. 

t 

17.  Preparation  of  Thorium  bis(Pentafluoropropyl)  Phosphate  ; 

Thorium  bis (pentafluoropropyl )  phosphate  was  prepared  in  the 
manner  which  is  described  for  lead  bis (pentafluoropropyl )  phosphate. 

18.  Preparation  of  Thallium  bis (Pentafluoropropyl)  Phosphate 

■This  material  was  prepared  in  the  manner  which  is  described  for 
lead  bis(pentafluoropropyl)  phosphate.  However,  this  thallium  com¬ 
pound  is  soluble  in  diethyl  ether. 

19.  Preparation  of  the  Ethyl  Esters  of  Perf luorocarboxylic  Acids 

Heptafluorobutyrrc  acid  was  esterified  by  treating  200  g.  of 
this  acid  with  250  ml.  of  ethyl  alcohol  and  100  ml.  of  concentrated 
sulfuric  acid.  After  stirring  at  room  temperature  for  48  hours, 
the  sulfuric  acid-ester  layers  were  separated.  The  ester  was 
then  washed  with  water,  aqueous  sodium  bicarbonate,  and  finally 
water  again.  Diethyl  ether  was  added  and  the  solution  was  dried 
over  sodium  sulfate.  After  filtration,  the  solution  was  distilled 
to  isolate  the  ester.  Ethyl  heptafluorobutyrate  boils  at  95°-9o°C. , 
and  was  synthesized  in  81?  yield  based  on  the  acid. 

Ethyl  pentadecafluorooctcioate  was  prepared  in  82?  yield  in  a 
similar  manner  and  boils  at  169-170°C. 

20.  Preparation  of  Decafluoro-2 ,  4 -heptane di one 

The  condensation  of  ethyl  heptafluorobutyrate  with  trifluoro- 
acetone  and  the  isolation  of  decafluoro-2 , 4-heptanedione  was  ac¬ 
complished  according  tc.  the  method  of  Henne  et  al.  (14)  for  pre¬ 
paring  fluorinated  diketones.  Decafluoro-2 ,iJ-heptanedione  dis¬ 
tills  at  99-105°o. 
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21.  Preparation  of  Octadecafluoro-2 , 4-Undecanedione 

The  method  of  Moshiei  and  Sievers  (15)  for  preparing  fluorinated 
diketones  was  used.  Ethyl  pentadecafluorooctanoate  ex id  trlfluoro- 
acetone  were  condensed  in  the  presence  of  sodium  methoxide.  Since 
octadecafluoro-2, 4-undecanedione  could  not  be  separated  from  un¬ 
reacted  ethyl  pentadecafluorooctanoate  by  distillation,  the  iso¬ 
lation  procedure  of  Herme  et  al.  was  used  (14).  Octadecafluoro- 

2. 4- undecanedione  distills  at  178°C. 

22.  Preparation  of  Heptafluoro-2 , 4-heptanedione  and  Pentadecaf luoro- 

2 , 4-undecanedione 

The  method  of  Moshier  and  Sievers  (15)  was  used  for  preparing 
these  0-diketones.  Heptafluoro-2 , 4-heptanedione  w as  made  from  22.1  g. 
of  sodium  methoxide,  90  g.  of  ethyl  heptafluorobutyrate  and  21.8  g. 
of  acetone  in  50  ml.  of  diethyl  ether.  This  diketone  was  purified 
by  distillation  at  135-l40°C.,  and  identified  by  its  IR  spectrum. 
Pentadecafluoro-2, 4-undecanedione  was  prepared  from  11.5  g.  of 
sodium  methoxide,  86  g.  of  ethyl  pentadecafluorooctanoate  and  11.3  g. 
of  acetone  in  50  ml.  of  diethyl  ether.  Purification  was  achieved 
by  distillation  at  49-51°C.  and  0.85  mm.  Hg.  The  product  was  iden¬ 
tified  by  its  IR  spectrum. 

23.  Preparation  of  Thorium  tetrakis(Decafluoro-2,4-heptanedionate) 

A  general  method  as  mentioned  by  Morris  et  al.  (17)  was  used  to 
prepare  this  compound.  A  50  ml.,  two-neck  flask  with  a  magnetic 
stirrer  was  charged  with  4  g.  of  thorium  tetrachloride  and  25  ml. 
of  carbon  tetrachloride  in  a  dry  box..,  The  flask  was  brought  out 
and  equipped  with  a  condenser  and  addition  funnel.  The  heptane- 
dione  (15  g. )  was  added  dropwise  and  the  mixture  was  refluxed  for 
one  hour.  After  cooling  to  room  temperature,  the  mixture  was  fil¬ 
tered  and  the  solvent  removed  by  vacuum  evaporation.  Thorium 
tetrakis(decafluoro-2,4-heptanedionate)  was  isolated  by  distillation 
at  88°C.  and  0.009  mm.  Hg  and  Identified  by  elemental  analysis  and 
IR  spectrum.  Yield  was  8.6  g. 

24.  Preparation  of  the  Thallium  Fluoro-e- diketonates 

The  following  Is  an  example  of  the  general  method  used  to  pre¬ 
pare  the  thallium  diketonates  by  the  reaction  of  thallium  .arbonate 
and  the  diketone  In  benzene. 

A  50  ml.  two-neck  flask  with  a  magnetic  stirrer,  condenser  and 
addition  funnel  was  charged  with  9  g.  of  thallium  carbonate  and  25 
ml.  of  benzene.  To  this  were  added  dropwise  12  g.  of  decafluoro- 

2. 4- heptanedione  and  the  mixture  was  refluxed  for  one  hour.  After 
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filtration,  the  benzene  was  vacuum  evaporated  to  yield  ah 
orange  solid.  This  was  purified  by  vacuum  sublimation  at 
85°C.  and  0.01  mm.  Hg.  The  yield  was  14.1  g.  of  thallium 
decafluoro-2 ,4-heptanedionate  which  was  identified  by  ele¬ 
mental  analysis  ar.d  IR. 

The  preparation  of  the  following  diketonates  is  briefly 
described  below: 

vi)  Thallium  octadecafluoro-2 , 4-undecanedionate : 

13.1  g.  from  6.8  g.  of  thallium  carbonate  and 
15.8  g.  of  octadecafluoro-2 ,4-undecanedione . 
Purified  by  sublimation  at  100°C.  and  0.01 
mm .  Kg . 

(ii)  Thallium  heptafluoro-2 ,4-heptanedionate : 

10  3  g.  from  6.0  g.  of  thallium  carbonate  and 
6.54  g.  of  heptafluoro-2 ,4-heptanedione .  Puri¬ 
fied  by  recrystallization  from  water-methanol 
mixture . 

(iii)  The  Ilium  pentadecafluoro-2,4-unciecanedlonate : 

13.4  g.  from  5.0  g.  of  thallium  carbonate  and 
9.70  g.  of  pentadecafluoro-2 ,4-undecanedione . 
Purified  by  recrystallization  from  benzene- 
hexane  mixture. 
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VI.  APPENDIX 
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Fig.  1  -  Infrared  Spectrum  of  Hafnium  Trif luoroetho:/  ide 

(Solid,  Split  Mull) 
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Flo-.  ^  -  Infrared  Spectrum  of  Hafnium  Dodecaf luoroheptoxide 

(Liquid,  Thin  Film) 
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Infrared  Spectrum  of  Hafnium  Dodecaf luoro-2-Methyi-2-Octoxide 

(Liquid,  Thin  Film) 


Infrared  Spectrum  of  Hafnium  Hexadecaf luorononoxide 
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Fig.  15  -  Proton  Nuclear-  Magnetic  Resonance  Spectrum  of 
Ta[  OG  ( CH3)  2 ( CFa)  sCFaH]  3 ( OC2H5)  a 


Pig.  17  -  Infrared  Spectrum  at  Thallium  Pentaf luoropropoxide 

(Solid,  Split  Mull) 
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Pig.  2 5  -  Infrared  Spectrum  of  bls( Pentaf luoropropyl) 
Hydrogen  Phosphate  (Liquid,  Thin  Film) 
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Infrared  Spectrum  of  bts(Hexaf luoroisopropyl) 
Hydrogen  Phosphate  (Solid,  Thin  Film} 


Fig.  29  -  Infrared  Spectrum  of  Thallium  bis(Hexaf luoroisopropyl)  Phosphate 

(Solid,  Split  Mull) 
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Fig.  32  -  Infrared  Spectrum  of  Thorium  bis(Pentafluoropropyl)  Phosphat 

(Solid,  Split  Mull) 
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Pig-  33  -  Infrared  Spectrum  of  Ethyl  Heptaf luorobutyrate 

(Liquid,  Thin  Film) 
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'InVrnv'iti  Spectrum  of  Ethyl  Psntadecaf luorooctanoe te 
(Liquid,  Thin  Film) 
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Pig.  >8  -  Infrared  Spectrum  of  Pentadecaf luoro-2,4-undecanedlone 

(Liquid,  Thin  Film) 


Pig.  41  -  Infrared  Spectrum  of  Thorium  tetrakis 
( Decaf luoro-2, 4-beptanedionate)  (Liquid,  Thin  Film) 
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Fig.  44  -  Infrared  Spectrum  of  Thallium 
Heptaf luoro-2, 4-heptanedionate 
( Solid,  Split  Mull) 


